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Abstract Both platelets and cancer cells display an intimate
reciprocal crosstalk resulting in alteration of each other’s prop-
erties. Although many past studies have tried to demonstrate
effect of platelets on tumour cells, exact role of platelets in
carcinogenesis is still not clear. In the above study, we ex-
plored the effect of different concentrations of platelet rich
plasma (PRP) on viability, proliferation and adhesion of HeLa
cells in culture conditions. The above parameters were found
to be slightly increased on incubation with lower two concen-
trations of PRP (4.4x10° & 1x10° platelets/ul) while a re-
verse effect was seen at high PRP concentration (2 10° lac
platelets/ul) especially at 24 h. To further validate that the
above effects were due to platelets we repeated the experi-
ments in the presence of antiplatelet drug aspirin (20 mM).
On treatment with aspirin alone, the cell viability, proliferation
and adhesion were seen to be decreased indicating cytotoxic-
ity of aspirin towards HeLa cells. However, all of the above
parameters were found to increase on addition of all PRP
concentrations at 24 h. Overall, variations in the number of
platelets produced different effects on the cancer cells. Use of
aspirin reduced the viability of the cancer cells, but this effect
was seen to be partially reversed by all the concentrations of
PRP used.

Keywords Platelets - Adhesion - Cell viability - Proliferation

>4 Alka Bhatia
alkabhatia@ymail.com

Department of Experimental Medicine & Biotechnology,
Postgraduate Institute of Medical Education and Research,
Chandigarh, India 160012

Introduction

Carcinogenesis is believed to be a multistep process that in-
volves a wide variety of interactions between tumour and its
microenvironment, which eventually results in the usage of
the host cells for its own survival. Platelets have been known
to play a crucial role in cancer metastasis since decades [1, 2].
Both platelets and cancer cells display an intimate reciprocal
crosstalk, resulting in the alteration of each other’s properties.
Although studies have been done to evaluate effect of platelets
on properties of the cancer cells, yet, due to the contradictory
results exact role of platelets in modifying the tumour cell
properties has not been established [3, 4]. Cancer patients
may receive platelets from outside to treat thrombocytopenia
and bleeding induced by intensive chemotherapy [5]. Thus, in
this study we have evaluated the effect of platelets on viability,
proliferation and adhesion of HeLa cells in culture conditions,
using different concentrations of platelet rich plasma (PRP)
with and without the presence of antiplatelet drug aspirin.

Materials and Methods

HelLa cells obtained from the commercial source were main-
tained in RPMI 1640 culture medium (Himedia) containing
10 % FCS. For preparation of PRP 5 ml of blood was col-
lected from healthy donors after obtaining written consents, in
sodium citrate (0.109 M, 3.2 %) vacutainers under sterile con-
ditions. The blood was centrifuged twice at room temperature
(800 and 2000 rpm for 20 min) to obtain pellet containing
platelets (PRP) [6]. The platelet count of the PRP was adjusted
to 4.4x10°/ul (P1), 1x10° platelets/ul (P2) and 2x10°
platelets/ul (P3). HeLa cells were treated with various concen-
trations of PRP (10 ul/10° cells) for 2 and 24 h, with and
without aspirin (20 mM, 1 M stock solution in DMSO; Sigma
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Aldrich). The Cell viability was assayed using trypan blue dye
and viable and dead cells were counted under the microscope.
Estimation of Cell proliferation was done using MTT and
absorbance was recorded spectrophotometrically at 570 nm.
Cell adhesion was analysed using crystal violet dye and ab-
sorbance was read at 570 nm.

Results

The viability and proliferation of HeLa cells were found to be
slightly increased at all PRP concentrations (4.4x 10, 1x10° &
2x10° platelets/ul) at 2 h, while at 24 h a mild increase was
observed only at lower two concentrations of PRP (Cell viabil-
ity: control 89.50 %+7.68; P1 90.62 %=+8.12; P2 92.00 %=+
6.98, Proliferation: control 100 %; P1 110 %=+5.66 P2 103 %=+
2.83). However, at higher concentration (P3) of PRP,
both viability (84.75 %=+19.36) and proliferation
(68 %=+2.12, p-value <0.05, One way Anova) of HeLa
cells was found to be reduced (Table 1, Figs. 1 and 2).

Further, the cells were incubated with the platelets in the
presence of aspirin to confirm that the above effects were due
to platelets. Treatment of the HeLa cells with aspirin (20 mM)
alone resulted in significant cytotoxicity [cell viability
(81.0 %=+3.61 at 2 h, 12.5 %+15.56 at 24 h)& reduction in
proliferation (20 %+2.03 at 2 and 14 %+4.36 at 24 h) at both
the time intervals (p-value< 0.05, student t-test). The addition
of PRP at all three concentrations however, resulted in an
increase in cell viability (36.25 %=+13.79, 38.87 %=+11.49
and 39.75 %=+21.57 at 24 h), and proliferation (25 %=,
28 %+& 29 % at 2 h; 24 %=+2.65 &23 %=+4 at 24 h; p-
value<0.05, One way Anova).

On crystal violet assay, the absorbance at 570 nm was seen
to be increased at all PRP concentrations (control 0.447+0.02;
0.453+0.05 with P1, 0.488+0.001 with P2 & 0.463+0.02
with P3) at 2 h however at 24 h it was found to be mildly
increased at lower two concentrations (control 0.85; 0.87+
0.13 with P1& 0.87+0.02 with P2) and reduced at higher con-
centration of PRP (0.78+0.05 with P3). On treatment of cells
with 20 mM aspirin, the adhesion was seen to be increased at
2 h (0.517+0) but significantly reduced at 24 h (0.436+0.01,
p-value<0.05, student t-test) of incubation. However, on

addition of PRP at different concentrations, the adhesion
(P1,P2,P3;0.536+.08,0.564+0.04 & 0.541+0.03at2h &
0.581£0.03, 0.548+0.03 & 0.582+0.1at 24 h respectively) of
the HeLa cells was found to be increased. These results,
though somewhat in parallel to cell viability (as adherence
of the cells from the substratum decreased due to increased
cell death by aspirin) were not found to be statistically
significant.

Discussion

A dual effect of platelets on HeLa cells was noted in our work.
Out of the three concentrations of PRP used, the lower two
showed mild increase in the viability, proliferation and adhe-
sion of the HeLa cells. However, at higher concentration, a
significant inhibitory effect (p-value<0.05) on the above
properties was noted at 24 h. Previous studies have also dem-
onstrated variable effects of platelets on cancer cells. In a
study by Hara et al., platelet lysate was shown to sustain pro-
liferation of four malignant cell lines in serum free media [7].
Cho et al. have showed that incubation with platelets increase
the proliferation of ovarian cancer cells [8]. A study by Yu
et al., concluded that platelets enhanced the adhesion of highly
metastatic human hepatoma cells to the extracellular matrix
[9]. The effects on the cancer cells may be attributed to release
of platelet specific stimulatory factors (VEGF, EGF, FGF,
IGF, MMPs, angiopoietin, MMPS-1,2,9), Lysophosphatidic
acid, Thromboxane A2, and thrombin), adhesion factors (P-
selectin) and cytokines (TGF[3) which have been demonstrat-
ed to promote mitogenicity, angiogenesis and invasory phe-
notype in cancer [10]. More recent studies have shown that
platelets release microparticles containing above factors to
stimulate proliferation and adhesion in cancer cells [11]. Also,
the tumour cells and platelets have been found to exchange
RNA transcripts with each other via above microparticles
[12].

Though, in some of the previous studies, the platelets have
been shown to inhibit the tumour cell growth by impairing
their cell cycle a switch in the role of platelets at higher con-
centrations has not been demonstrated. This effect may prob-
ably be attributed to differential release of platelet specific

Table 1  Effect on viabilty, proliferation and adhesion of HeLa cells treated with different concentrations of PRP with and without aspirin at 2 and 24 h
Parameter studied C Pl P2 P3 Asp Pl+Asp P2+Asp P3+Asp

2h 24h 2h 24h 2h 24h 2h 24h 2h 24h 2h 24h 2h 24h 2h 24h
Cell viability 97 89.5 985 90.62 995 92 97.5 84.75 81 125 745 3625 835 3888 81 39.75

Cell Proliferation 100 100 94 110 92 103 96

Cell adhesion 045 085 045 087 049 087 046

68 20 14 25 24 28 24 29 23
0.78 052 043 054 0.58 0.56  0.55 0.54 0.58

P1=4.4x10 platelets/ul, P2=1x10° platelets/ul, P3=2x10° platelets/ul, Asp=Aspirin 20 mM/I)
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stimulatory and inhibitory factors (Platelet factor-4) at differ-
ent concentrations of PRP, however, this fact needs to be con-
firmed by measuring the levels of the above factors in a con-
centration specific manner. Also, the possible contribution by
factors secreted by cancer cells in promoting such a switch
cannot be overruled [4, 13, 14].

To confirm that the above effects were due to platelets we
repeated the experiments in the presence of antiplatelet drug
aspirin. Aspirin, at the concentration used in the study was
noted to cause significant cytotoxicity (p-value<0.05) to
HeLa cells. Similar cytotoxicity of aspirin and other NSAI

Fig. 2 Cultured HeLa cells as
seen under inverted microscope a
Untreated control b, ¢, d After
treatment with different PRP
concentrations (4.4x10°, 1x10°
and 2x10° /ul respectively). Note
the film of platelets covering the
cells particularly at 2x10°
platelets / pl. e After treatment
with aspirin (20 mM). Cytotoxic
effect of aspirin can be seen as
rounding off and change in
morphology. f After treatment
with aspirin and PRP. Note the
presence of both viable and dead
cells in the later
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DS has also been described in previous studies in different
malignancies like thabdomyosarcoma, chronic lymphocytic
leukemia, cervical cancer etc. The effect has mainly been at-
tributed to inhibition of molecules like COX, ErbB2 etc. and
activation of caspase-3 [15—17]. Interestingly, the addition of
PRP at all three concentrations was found to partially neutral-
ize the effect of aspirin on viability, proliferation and adhesion
profile of the HeLa cells. This may be due to differential
expression of COX-1& COX-2 in platelets and more com-
plete inhibition of platelet COX-1rather than COX-2 by aspi-
rin [18, 19]. However, the above finding in our study needs
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further confirmation with more robust studies assessing the
combined effect of different doses of aspirin and PRP on can-
cer cells.

Conclusion

The above study shows a complex effect of platelets on HeLa
cells depending upon the concentration of PRP (number of
platelets). The tumour promoting effects of some concentra-
tions of PRP in cancer merit caution in use of PRP for platelet
replenishment in cancer patients with thrombocytopenia. Use
ofaspirin, no doubted, reduced the viability of the cancer cells,
but this effect was seen to be reversed to some extent by all the
concentrations of PRP that were used. Thus, administration of
PRP in cancer patients who are being administered aspirin
may require change in dosage of the above drug. However,
further studies involving combination of different doses of
aspirin and PRP are required for confirmation of the same.
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